Abstract: Human mesenchymal stem cells have been isolated from adult adipose tissue and lipoma that is a benign neoplasm of normal fat cells. The lipoma-derived LM6 cells exhibited a higher cumulative population doubling levels as compared with the adipose-derived AM3 cells. The expression profiles of both mRNAs and microRNAs (miRNAs) from AM3 and LM6 cells were found to exhibit considerable similarities except that miRNAs miR-99a and miR-152 were abundantly expressed in AM3, but absent in LM6 cells. The abundantly differentially expressed genes HAS2, VNN1, SLC16A6 and COL11A1 in LM6 cells were shown to be targets of miRNAs miR-99a and/or miR-152. These highly upregulated miRNA target genes, as well as several other abundantly differentially expressed genes such as sushi domain containing 2, keratin associated proteins and tumor necrosis factor family, may explain a higher proliferation potential in LM6 cells compared with AM3 cells.
INTRODUCTION
Mesenchymal stem cells (MSCs) have been shown to have ability to differentiate into multiple mesodermal lineages such as adipocytes, osteoblasts and chondrocytes, as well as non-mesodermal lineages such as neural cells [1] [2] [3] . Thus, MSCs are potentially very useful for tissue engineering and regenerative medicine [4] [5] [6] . Human MSCs have been isolated from several tissue sources, including bone marrow, amniotic fluid, amniotic membrane, umbilical cord blood, placenta, and adipose tissues [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Human adult adipose tissues are highly abundant and relatively easy to procure with low risk. Two human adipose-derived MSC cultures AD-MSC-3 and AD-MSC-5 had been established [12] . Two additional human MSC cultures LD-MSC-3 and LD-MSC-6L had also been isolated from lipoma that is a benign neoplasm of normal fat cells [15] . The lipoma-derived LD-MSCs showed very similar stem cell characteristics to adipose-derived AD-MSCs. However, LDMSCs exhibited higher cumulative population doubling levels as compared with AD-MSCs, suggesting that LD-MSCs possess a potent proliferation potential.
Genome-wide mRNA expression profiling has recently been used to identify the core features of several MSCs and the signature genes of each group of MSCs derived from different origins [16] [17] [18] . MicroRNAs (miRNAs) are single-*Address correspondence to this author at the Graduate Institute of Medicine, Kaohsiung Medical University, Kaohsiung 80708, Taiwan; Tel/Fax: +886 7 313 5162; E-mail: lissl@kmu.edu.tw # These authors contribute equally to this work. stranded non-coding RNAs of approximately 22 nucleotides that have been identified in various organisms, including mammals. Mammalian genomes encode many hundreds of miRNAs, which are predicted to regulate negatively expression of as many as 30% of protein-coding genes [19] [20] [21] [22] [23] [24] [25] . The impact of miRNAs on protein output was recently shown that although some targets were repressed without detectable changes in mRNA levels, those translationally repressed by more than a third also displayed detectable mRNA destabilization, and, for the more highly repressed targets, mRNA destabilization usually comprised the major component of repression [26] . Although the biological functions of most miRNAs are not yet known, some miRNAs appear to participate in control of cell proliferation, differentiation and apoptosis in animals [27] [28] [29] . Thus, miRNAs may play a key role in self-renewal and differentiation of MSCs.
In this investigation, the expression profiles of both mRNAs and miRNAs from the same RNA samples of previously reported human AD-MSC3 (designated as AM3) and LD-MSC6L (designated as LM6) cells [12, 15] were compared in order to understand the genetic bases for their similarities and differences.
MATERIALS AND METHODOLOGY

Cell Culture
Human AM3 (AD-MSC3) and LM6 (LD-MSC6L) cells established from female adult adipose and lipoma tissues, respectively [12, 15] , were cultured in the K-NAC medium that is a modified MCDB 153 medium (Keratinocyte-SFM, GIBCO-Invitrogen) supplemented with N-acetyl-L-cysteine (NAC; Sigma A8199) (2 mM) and L-ascorbic acid 2-phosphate (Asc 2P; sigma A8960) (0.2 mM).
Profiling of mRNAs
Total RNAs from AM3 and LM6 cells were extracted using TRIZOL reagent, and the same total RNAs from each sample were used for both mRNA microarray analysis and miRNA quantitation. The mRNA profiling of duplicate samples was analyzed using Affymetrix Human Genome U133 plus 2. [30, 31] . The original data were processed using GC-RMA algorithm and GeneSpring GX software version 7.3.1 (Silicon Genetics, Redwood City, CA, USA, http://www.sigenetics.com). The mRNAs of AM3 and LM6 cells were also analyzed for network and signaling pathways by using MetaCore Analytical Suite (GeneGo Inc., St Joseph, MI, USA). The MetaCore includes a curated database of human protein interaction and metabolism, and thus it is useful for analyzing a cluster of genes in the context of regulatory network and signaling pathways.
Profiling of miRNAs
The expression level of 250 human miRNAs was determined using the TagMan MicroRNA Assays (Applied Biosystems, Foster City, California, USA, http://www.applied biosystems.com) as described previously [32, 33] 
Target Identification of miRNAs
The potential target genes of miRNAs were predicted using the TargetCombo open source software (http://www. diana.pcbi.upenn.edu/cgi-bin/miRGen/v3/Targets.cgi) which predicts targets by the union of miRanda (http://microrna. org), PicTar (4-way, http://pictar.bio.nyu.edu/) and TargetScanS (http://www.targetscan.org/) with a cutoff p-value less than 0.05 [34] . The expression levels of the predicted target mRNAs were then analyzed by the Volcano plot using parametric test and Benjamini-Hochberg false discovery rate for multiple testing correction. The differentially expressed mRNAs were defined by fold-changes of more than 3 and a p-value cutoff of 0.05. Thus, the miRNA targets were identified by inverse relationships between expression levels of miRNAs and their target mRNAs in AM3 and LM6 cells [21] [22] [23] [24] [25] [26] .
RESULTS
Expression Profiling of mRNAs
The genome-wide mRNA expression profiles of human adipose-derived AM3 and lipoma-derived LM6 cells were determined using Affymetrix human genome U133 plus 2.0 GeneChip. The original data have been deposited to NCBI database, and the GEO series number is GSE12843. The mRNA expression of AM3 and LM6 cells are compared in a scatter plot (Fig. 1) , and very similar patterns with Pearson correlation R 2 of 0.974 were observed. The 974 most abundantly (more than 3-folds of overall mean) expressed genes, including matrix metallopeptidases 1 and 3, gremlin 1, and chemokine ligand 5, in AM3 cells, as well as the corresponding values in LM6 cells, are summarized in Supplementary  Table S1 . Using MetaCore Analytical Suite, the 1,137 gene probes commonly expressed between AM3 and LM6 cells were found to be involved in regulating five cell adhesion processes among the top ten GeneGo canonical pathway maps ( Supplementary Fig. S1 ). As indicated in Table 1 , 15 most abundantly (more than 3-folds of overall mean) expressed genes, especially SUSD2 encoding sushi domain containing 2, in AM3 cells were up-regulated more than 3-folds in LM6 cells, whereas 8 extremely abundantly (more than 20-folds of overall mean) expressed genes in AM3 cells were down-regulated more than 3-folds in LM6 cells.
Expression Profiling of miRNAs
The expression profiles of 250 human miRNAs in AM3 and LM6 cells were quantitated using TagMan MicroRNA Assays as described previously [30] [31] , and the expression level of each miRNA was indicated as folds over U6 snRNA. The mean expression levels of triplicate analyses for 250 miRNAs from AM3 and LM6 cells were compared in a scatter plot (Fig. 2) , and a very close correlation R 2 of 0.999 was found. The mean expression levels of 250 miRNAs from AM3 and LM6 cells are given in Supplementary Table S2 , and the levels of 38 most abundantly (more than 20-fold U6 snRNA) expressed miRNAs in AM3 cells, as well as the corresponding values in LM6 cells, are summarized in Table  2 . It is of interest that miRNAs miR-99a and miR-152 were abundantly expressed in adipose-derived AM3, but not The average mRNA expression levels of duplicate samples from each cell type were determined using Affymetrix Human Genome U133 plus 2.0 GeneChip. The expression levels of more or less than 3-folds were indicated by lines of 3X. The standard correlation between the mRNA expression levels from AM3 and LM6 cells was found to be R 2 = 0.974.
Fig. (2). Scatter plot and correlation analysis of miRNAs between AM3 and LM6 cells.
The miRNA expression levels from each cell type were determined using Applied Biosystems TagMan MicroRNA Assays with stem loop RT followed real-time PCR. The mean miRNA expression levels of triplicate samples are indicated by % folds of U6 snRNA. The standard correlation between the miRNA expression levels from AM3 and LM6 cells was found to be R 2 = 0.999. miRNAs miR-99a and miR-152 were abundantly expressed in AM3, but not expressed in LM6 cells. Table  S2 ). It may be further noted that neither AM3 nor LM6 cells expressed the embryonic stem cell-and tissues-(liver, muscle, pancreas, placenta and testis) specific miRNAs.
Target Identification of miRNAs
The targets of six down-regulated miRNAs miR-99a, miR-152, miR-199a, miR-339, let-7g and/or let-7i, as well as four up-regulated miRNAs miR-134, miR-155, miR-212, and/or miR-374, in LM6 cells were identified by inverse relationships between expression levels of miRNAs and their target mRNAs in AM3 and LM6 cells ( Table 3) . 36 genes were found to be up-regulated more than 3-folds by the six down-regulated miRNAs in LM6 cells compared with AM3 cells. Of these 36 genes, three genes COL11A1, SLC16A6 and TRHDE were among the 15 most highly expressed genes in LM6 cells ( Table 1 ). The COL11A1 and SLC16A6 genes were the targets of miRNAs miR-99a and miR-152, respectively. The TRHDE gene was the common target of miRNAs miR-199a, let-7g and let-7i. On the contrary, only three genes were down-regulated more than 3-folds by the four up-regulated miRNAs in LM6 cells compared AM3 cells (Table 3) .
DISCUSSION
Human adipose-derived AM3 and lipoma-derived LM6 cells were previously reported to exhibit similar stem cell characteristics and to be readily induced to differentiate into adipocytes, osteoblasts, and chondrocytes [12, 15] . In this investigation, the expression profiles of both mRNAs and miRNAs from AM3 and LM6 cells were found to have a considerable similarity, although some differences were observed between them. The abundantly expressed genes such as matrix metallopeptidases and chemokine ligand (Supplementary Table S1 ) in both AM3 and LM6 cells indicate that the up-regulation of extracellular matrix and adhesion is a prominent feature of both MSCs. Indeed, five of the top ten network and signaling pathways are involved in cell adhesion processes (Supplementary Fig. S1 ). These results are in agreement with the previous reports that the core signature transcriptomes of the MSCs isolated from bone marrow, cord blood, amniotic fluid and amniotic membrane include genes involved in the regulation of extracellular matrix and adhesion [18, 35] .
Human miRNA changes during MSC differentiation has recently been studied, and 27 miRNAs were identified as regulated during differentiation into adipocytes, osteocytes or chondrocytes [36] . In this investigation, the abundantly differentially expressed genes HAS2, VNN1, COL11A1 and SLC16A6 in LM6 cells were shown to be candidate targets of miR-99a and/or miR-152, which were abundantly expressed in AM3, but not in LM6 cells. In addition, TRHDE gene was also found to be a common target of miR-199a, let7g and let-7i abundantly expressed in AM3 cells but downregulated more than 3-folds in LM6 cells. The miR-199a and miR-199a* (processed from the same miRNA precursor) were recently reported to down-regulate the MET protooncogene and its downstream effector extracellular signalregulated kinase 2 (ERK2) gene resulting in inhibiting cell proliferation of tumor cells [37] . Therefore, the highly upregulated expression of miRNA target genes such as HAS2, VNN1, COL11A1, SLC16A6 and TRHDE, as well as several other abundantly differentially expressed genes such as sushi domain containing 2, keratin associated proteins and tumor necrosis factor family ( Table 1) , may explain the higher proliferation potential in LM6 cells compared with AM3 cells. Finally, it will be of interest to express stably miRNAs miR-99a and miR-155 in LM6 cells to see if they can be "converted" into AM3-like cells.
CONCLUSION
The expression profiles of both mRNAs and microRNAs (miRNAs) from human adipose-derived mesenchymal stem cells AM3 (previously designated as AD-MSC3A) and lipoma-derived LM6 (previously designated as LD-MSC6L) cells were found to exhibit considerable similarities except that miRNAs miR-99a and miR-152 were abundantly expressed in AM3, but absent in LM6 cells. The highly upregulated expression of miRNA target genes such as HAS2, VNN1, COL11A1, SLC16A6 and TRHDE, as well as several other abundantly differentially expressed genes such as sushi domain containing 2, keratin associated proteins and tumor necrosis factor family, may explain the higher proliferation potential in LM6 cells compared with AM3 cells. B. The top 10 common GeneGo canonical pathway maps between AM3 and LM6 cells. The degree of "relevance" to different GeneGo ontology categories is defined by p-value, so that the lower random p-value gets higher priority. Table S1 . Levels of 974 most abundantly expressed mRNAs in AM3 cells. Table S2 . Expression levels of 250 miRNAs in AM3 and LM6 cells.
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